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IHTRODOCTIOB 


It  is  generally  Icaown,  according  to  the  wave  theories,  that  the  wave 
patterns  in  shallow  water  react  to  wr.ter  depths  and  to  the  bottom  configuration. 
This  fact  was  recognised  and  employed  with  some  success  in  World  War  II  to  eval- 
uate water  depths  and  bottom  gradients  of  inaccessible  bee.ches  from  timed  aerial 
photographlo  records  of  sea  surface  behavior.  Various  methods  have  been  developed; 
among  them  the  wave  velocity  method  seems  to  be  the  most  premising  on«- 


Aooording  to  Airy.uriform  periodic  %v'aves  of  Siaali  steepness 
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C = wave  velocity 
L * wave  length 

d - depth  beneath  8till-wa.tsr  level 
g a gravitational  acceleration 


The  wave  velocity  can  also  be  expressed  as  the  wave 
period,  T 


length  divided  by  the  wave 
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In  deep  water  where  the  water  depth  is  larger  than  one-half  of  the  wave  length, 
■tanh  — T is  nearly  unity.  We  thus  have 

x< 

= 6.121  (5) 

and  Lo"  6.12  T^  (4) 


whsro  the  subscript  0 refers  to  the  deep-water  condition.  In  order  to  make  use  of 

these  equations  for  depth  determination,  there  must  be  no  significant  change  in 

period  as  waves  approach  the  shoret  and  this  has  bean  fourid  ty  ™ U'uo. 

The  fact  that  the  wave  velocity  in  shallow  water  is  dependent  on  both  the 
water  depth  and  the  wave  length  enables  the  depths  of  shoals  to  be  deduced  with  some 
accuracy  from  the  crest  lines  shown  on  timed  aerial  photographs.  The  wave  velocity 
is  detoifiuineu  by  measuring  the  iHetancd  traveled  by  a crest  in  a known  Interval  of 
time.  The  wave  length  is  defined  ke  being  the  distance  between  two  efests,  and  is 

associated  with  the  water  depth  midway  between  crests.  Hio  wave  period  is  the  tive 

interval  between  tb.e  passage  of  two  suooessive  crests  past  fixed  vertical  lino, 
and  is  associated  with  the  water  depth  along  this  vertical  and  the  meen  time 
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iavolvad.  Values  of  period  eud  wavelength  at  other  times  end  positions  are  to  be 
deteraxined  bj'  interpolation.  Since  linear  interpolailun  appears  to  be  quite 
accurate  for  our  purposes,  this  method  will  be  employed  in  the  analysis  as  do- 
scribed  later. 

Ocean  waves  are  never  exactly  like  the  ideal  waves  which  tlie  wave  ve- 
locitj'  is  given  by  Equation  (1).  Indeed,  as  Jeffrey  stated  so  correctly,  their 
irregularity  is  ttio  conspicuous  feature  of  the  sea  surface.  Even  in  the  labora- 
tory, a wind  of  constant  velocity  blowinc^cver  the  water  surface  generates  waves 
with  a spectrum  of  heights  and  periodsi^'  In  addition,  waves  incident  to  a 
beach  may  be  coming  from  Cvore  than  one  area,  thus  adding  tc  the  complexity.  The 
apparent  wave  period,  length,  height  and  velocity  differ  from  one  wav-?  to  another* 
and  such  a wave  pattern  is  called  non-uniform.  In  shallow  water,  the  formula  for 
Cq.  althcvigh  derived  for  uniform  periodic  waves,  approaches  as  d -*0,  the  formula 
0 ” « vdiioh  has  mors  general  validity.  This  indicates  that  for  non-uniform 

waves,  even  if  there  mi^t  be  some  doubt  as  what  should  be  the  proper  wave  length 
and  period  for  a certain  wave  in  a group,  depth  determination  by  the  wave  velocity 
method  should  still  give  satisfactory  results  in  shallow  'yraiter,  since  the  velocity 
deuend?  li'J.t.je  on  the  ^ave  length,- 

The  principle  of  depth  determination  by  the  wave  vplocity  method  as 
outlined  above  is  Indeed  simple.  Yet  to  carry  out  a process  of  this  nature  in- 
volves numerous  practical  difficulties.  The  steepness  of  the  waves  may  not  be 
sharp  enough  to  allow  a clear-cut  identification  of  wave  positions  in  the  photO" 
graphs,  tilting  of  Idxe  airplane  used  in  the  reconnaissance  survey  may  largely 
distort  the  length  scale,  suad  difficulty  in  obtadning  proper  light  conditions 
may  deprive  one  of  getting  satisfactory  photographic  records  in  the  first  place* 
to  cite  only  a few  of  the  common  practical  limitations.  Consequently,  agreement 
between  the  measured  beach  profile  and  the  calculated  profile  according  tc  the 
wave  velocity  method  seems  to  be  highly  erratic.  On  the  one  hand,  good  agree- 
ment between  the  wo  has  bjen  reported,  notably  ths  Siesforsd  Purvey'  ' in 
World  War  II,  the  result  of  Triiioh  greatly  stimulated  the  research  in  this  field. 

On  the  other  hand,  large  discrepancies  between  the  two  have  been  found  by  some 
of  the  mors  reoent  investigations Fart  of  the  deviations  may  be  at- 
tributed to  tho  fact  that  tho  reconnaissance  fligh't^s  and  direct  surveys  of  beach 
profiles  did  not  take  place  at  the  same  time,  and  during  the  time  interval  the 
beach  profile  might  have  been  modified  to  a certain  extent  by  the  action  of  the 
uoa.  A reoent  study  by  Moffitt^®/  at  Davenport,  California  indicated  that 
agreement  comas  much  closer  when  the  time  interval  between  photographic  survey 
and  beach  profile  sounding  is  relatively  small,  although  disorepetecies  still 
exist. 


It  is  the  purpose  of  this  study  to  malce  the  comparison  under  ccntrcl- 


xou  uxwxAo  X.X  whv  labor ator y,  so  t.*^iat  oxx . 


surveys  eure  generally  eliminated.  The  result  can  thus  be  expected  to  indicate 
the  reliability  and  limitations  of  the  wave  velocity  method  in  depth  de- 
termination. 


EXPERIMENTAL  APPARAIDS ■ 

(6) 

The  experiment  was  conducted  in  a ripple  tank^  ' four  feet  wide, 
twenty  feet  long  and  five  inches  deep.  A 45'  x 72"  ▼ 3/8"  glai.s  plate  was 

**(1)  Refers  to  reference  number  under  REFERENCES  at  end  of  the  report. 
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izistalled  at  the  middle  of  the  tank  bottom  for  the  passing  of  the  light  rays*  On 
one  end  of  the  tcmk  a water-supply  line  and  drain  were  provided  for  the  control 
of  the  water  depth.  A plunger  type  wave  generator  supplorted  by  a movable  frame 
was  located  on  the  other  end  of  the  tank.  The  wave  period  was  controlled  by 
changing  the  speed  of  the  motor,  and  the  wave  height  ariinstment  was  provided  by 
a pair  of  eccentrics  of  equal  eccentricities  . The  light  source  was  located  in 
an  enclosed  compartment  underneath  the  bank.  Ihe  light  rays  reflected  from  a 
45°  mirror,  passed  throu^  in  turn  a wire  grid,  the  glass  section  of  the  tank 
bottom,  aneparent  beach  and  the  water  in  the  tank  and  projected  the  Images 

on  a 42"  i 42"  screen  supported  directly  over  the  glass  section  and  three  feet 
above  the  water  surface.  A system  of  strings  and  pulleys  was  provided  to  facili- 
tate raising  and  lower jng  the  screen.  Li^t,  ^ile  passing  through  a disturbed 
water  surface,  will  not  be  uniform  in  intensity,  due  to  the  varying  angle  of  re- 
fraction at  the  surface.  According  to  the  principle  of  light  refraction,  the 
images  of  the  wave  forms  will  be  reproduced  on  the  screen  and  thereby  recorded 
by  a 35  mm.  movie  camera  with  25  mm.  lens  at  e.  speed  of  25  frames  per  second  and 
at  a focal  distance  of  5 feet. 

!The  beach  was  made  of  l/4  inch  transparent  lucite  plate.  It  had  a 
slope  of  1«40  and  rnka  i-j  feet  wide  onshore  . and  extended  ?•  10  inohs.-  sja- 

wf.rd,  (Ihis  slope  .ms  chosen  in  order  to  lacilitate  compaiison  of  model  data  with 
field. daoa  taken  at  Caveaport,  California  on  a beach  having  nearly  the  same 
slope^''^*)  The  beach  was  oriented  at  an  angle,  0(| , with  the  wave  generator,  with 
two  sides  parallel  to  the  side-walls  of  the  ripple  tank.  A thin  guide  wall  was 
installed  along  each  side  of  the  beach  to  eliminate  shook  waves  generated  by 
an  abrupt  change  cf  water  depth.  The  sharp-edged  toe  of  iho  beach  plate  was 
taped  down  on  the  bottom  of  the  ripple  tank.  Black  tapes  were  also  fastened  on 
the  back  slide  of  the  beach  plate  to  indicate  the  base-line,  range-line,  and 
control  points  used  in  the  measurements. 

FXPSRI1£BS1AL  FROCEDDRES  AND  METHOD  OF  ANALYSIS 

Ihe  beach  was  first  installed  in  the  ripple  tank  and  then  rater  was  run 
into  the  tack  to  oover  the  entire  beach  plate.  The  water  surface  and  the  beach 
profile  along  the  reinge  line  were  measured  to  0.001  ft.  by  a movable  point  gage* 
Part  of  the  water  was  then  drained  to  maintain  a still-water  depth  of  0.069  feet 
in  the  tank.  The  beach  under  still  water  and  an  electric  clock  in  motion  were 
then  filmed  separately,  this  allowed  one  to  determine  the  length  and  time-scale 
of  th«  fi,  1j"8,  respectively.  The  wave  generator  wes  put  in  action,  starting  at 
the  lowest  speed  (or  the  longest  wave  period).  After  the  wave  pattern  became 
steady,  its  images  on  the  screen  were  recorded  by  the  oaioera  for  a length  of 
time  of  about  six  seconds.  Ihe  motor  speed  of  the  wave  generator  was  then 
changed  to  a shorter  wave  period,  and  movies  of  the  wa^'e  foms  over  the  beach 
were  taken  again.  A total  of  fov-r  different  wave  periods,  varying  from  0.22 
to  0.8S  seconds  were  studied.  beach  was  constructed  on  n length  scale  ratio 

of  1$50C,  and  this  gave  oorrespondlng  wave  periods  of  4.9  to  18.5  seconds  in  the 
prototype. 


Next,  non-uniform  waves  were  generated  by  continuously  end  quickly  in- 
creasing and  reducing  the  speed  of  the  wave  generator  motor.  Photographs 
(about  50  feet  of  film)  of  the  non-uniform  wavs  patterns  were  taken,  and  this 
completed  one  run.  The  water  was  draihed  and  the  beach  plate  was  re-oriented 
to  another  angle  with  respeot  to  the  wave  machine.  The  whole  process  as 
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dssoribed  above  vas  then  repeated.  In  Table  I are  shoim  the  oharaoterlstios  of 
the  vraves  end  the  beach  for  each  run. 


1ABI£  I 

CHAR4C1BEISTIGS  OP  THE  SaVBS  AND  THE  BEACH 
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3.030 
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0.069 

10° 

at  lt40 

uniform 

0.59 

13.1 
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waves 
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Scale  ratloe  of  the  model  beaoh 
length  s.oale  1 to  500 
tijae  scale  1 to  22.4 

Analysis  of  the  photographic  records  involved  the  following  steps r 

1.  The  film  taken  of  the  beaoh  under  still-water  was  projected  on  the  working 
table  and  the  base-line,  range-line  and  oont^^ol  points  were  drawn  on  a large 
sheet  of  papor.  'Ills  det^nained  the  length  scale  of  the  projected  film. 

2.  The  tin)  scale  of  the  records  was  detenained  by  examining  the  mories  of  the 
clock  in  motion. 

3.  The  fiLas  of  wave  patterns  over  the  beaoh  ?rere  then  projected  on  the  table 

the  sheet  of  paper  was  oriented  until  tbs  base-line,  range-line  and 
control  points  drawn  on  the  paper  in  step  (1)  coincided  with  the  corres- 
ponding ones  on  the  Images. 
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4*  from  th9  first  fsv  pro  jcoticns  a line  orthogonal  to  the  eaTS  arests  «aa  drawn 
near  the  range-line.  All  further  neasurenents  were  aade  along  this  referenoe 
orthogonal-line.  Ihe  locations  of  the  ba^a-lins.  the  range-line  and  the  re- 
ference crihogonal-line  are  shown  in  Plate  1,  which  is  one  of  the  photos  in- 
dicating the  pattern  of  O.SeS-seu.  «ayeo  ovsr  a 1]40  boach  oriented  at  an 
angle  of  50”  with  the  ware  generator. 

5.  Starting  with  one  of  the  projeotiono  as  time  zero,  eaoh  wave  was  identified 
with  an  appropriate  number.  In  all  subsequent  projections  these  waves  were 
identified  by  the  same  number. 

6t  !khe  distanoe  from  base-line  atd  along  the  referenoe  orthogonal-line  to  each 
wave  orest  measured. 

7.  In  this  manner  every  third  frame  was  analyzed,  and  the  tLue  of  each  projection 
and  distance  along  the  crthogonal-lina  from  the  base-line  to  eaoh  wave  was 
tabulated.  The  results  were  plotted  in  terms  of  disteince  from  the  base-line  of 
eaoh  wave  and  the  time  of  its  advancement.  Jig.  1 is  a typical  example  of  suoh 
« olct  for  aoG-uniform  waves. 


6. 


ihe  wave  period,  I,  was  determined  by  averaging  the  time  interval  between  suo- 
oessiva  waves  in  the  tima-distanoe  plot  for  uniform  waves.  For  non-unlfom 
waves,  the  time  Intervals  at  either  side  of  -the  wave.  and  IJg,  were  mea- 
sured. and  -Uie  period  T of  ihe  given  wave  was  determined  by  interpolation  as 
follows  I 

T - 


The  slope  of  the  time-dis-tanoe  oui^j  gave  the  wave  velocity  C.  For  each 
wave,  the  wave  velocity  C was  measured  along  the  reference  orthogonal-line 
at  a spacing  of  0.1  ft. 


10.  FTcm  the  wave  period,  the  wave  characteristics  in  deep  water  were  determined 
aooordlng  to  Squations  (S)  and  (4). 

11.  For  each  wave  the  -values  of  the  ratio  c/Cq  were  oempu-ted  from  the  data  ob- 
-bained  above.  Then  -bhe  values  of  d/lto.  oorresponding  to  the  above  -values  of 
O/Bq,  were  de-termined  Aram  published  tables' Knowing  the  -value  of  L^. 
the  water  depths  along  -the  reference  orthogonal-line  were  computed.  Each 
-wa-ve  in  the  distanoe-time  ourve  gave  a beaoh  profile,  and  -the  average  of 
these  profiles  was  t:dcen  as  the  representati-ve  beaoh  profile  along  the 
referenoe  orthcg9i:>l-llne.  as  determined  by  the  wave  velocity  methods 


12.  The  beaoh  profile  along  the  referenoe  orthogonal- line  was  then  converted 
into  the  beach  profile  perpendioular  to  -the  base  line,  and  this  oaloula-bed 
profile  was  ooiiq>ared  with  the  measured  beaoh  profile  along  the  range-lino. 

The  error  of  -the  ma-ve- velooity  method  in  depth  determination  was  given  by  the 
equationt 

Percentage  error  = — — j."  — ■ x 100  (6) 

where  d^  and  d^  were  the  measured-  and  oaloulated-depth,  respectively. 
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The  Masurod  b«aok  profile  and  the  oaloulated  beach  profile,  based  on  the 
•wave  velocity  aethod,  were  plotted  In  Figs.  2 to  4 for  the  three  different  runso 
file  percentage  errors  for  all  the  runs  were  plotted  In  Fig.  6 by  using  ^/Lq  as 
tbs  abscissa*  Fig.  5 was  constructed  to  detect  suiy  trend  caused  by  the  defects  of 
wiive  theory*  It  should  not  be  used  to  Judge  the  reliability  of  depth  detenaina- 
tlon  by  the  wave  velocity  owthod*  as  a smal'  absolute  error  in  depth  detenalnation 
nskxr  the  shore-line  where  the  water  is  shallow  may  result  in  leurge  relative  error 
percentage-wise*  yet  it  has  little  effect  on  the  practical  applicability  of  the 
method  as  a idiole* 

t < 

Discussion  of  the  Experimental  Results  $ The  agreement  betweeh  the  measured  beach 

profile  and  the  caleulatv^d  beach  profile  based  on  the  wave  velocity  method  was  con- 
sidered to  be  fairly  good  for  all  the  iruns*  althou^  errors  in  local  depth  deter- 
mination of  as  much  as  24  percent  were  noticed,  ^hese  errors  could  have  been  caused 
hither  by  the  defects  of  the  wave  velocity  method*  or  by  errors  in  measurements* 

Iho  wave  velocity  nethod  of  dep-tii  ueierniaation  is  based  solely  on  equation  (i) 
artiioh  indicates  the  relationship  between  wave  velocity,  wave  length  and.  water  depth. 
Equation  (1)  was  developed  for  wave  motion  over  a horizontal  bottom  in  water  of 
constant  depth  and  fbr  very  low  waves*  having  a steepness  of  less  than  l/200. 
iiiinlr(Q)  found  that  the  velocity  at  a specified  depth  on  a sloping  bottom  was  essen- 
tially the  same  as  that  over  a horizontal  bed  of  the  corresponding  oonstand  depth; 
but  there  was  some  indication  that  the  measured  velocity  over  a sloping  beach  was 
about  6 percent  less  than  that  given  by  Equation  (1).  Because  of  this  effeot*  there 
Is  a tendency  to  xmder-estimate  the  depth;  althou^  quantitatively  it  is  believed 
to  be  negligible  in  the  results  presented  in  this  report*  as  the  change  of  depth 
is  small  with  respect  to  the  wave  length  over  a 1«  40  slope  beach. 


Hhen  waves  are  traveling  in  shoaling  water*  the  wave  crests  tend  to  be 
steeper  and  narrower  while  the  trouts  become  flatter*  Close  to.  the  breaking  zone* 
waves  begin  to  deform  rapidly  by  increasing  the  front  slope  and  reducing  the  rear 
slope*  leading  in  the  limiting  case  of  a breaking  wave*  to  a front  slope  ediioh 
goes  beyond  the  vertioal.  In -the  ripple  tank  this  part  of  the  wave  .diverges  the 
li^t  and  rssul^-in  a black  band  immediately  at  the  front  of  the  white  crest  line* 
as  shown  in  Plate  1.  After  the  breaking  of  a wave  into  a bore  of  foam*  it  still 
has  energy*  and  this  energy  ean  be  transmitted  forward*  Plate  1 Indioates  that 
over  the  flat  beaoh  there  is  ample  room  between  the  shore-line  and  the  breaking  zone 
for  a wave  to  reform*  and  the  bore  actually  reforms  into  several  crests*  each 


maintaining  its  identity  until  the  depth  is  further  reduced  sufficiently  to  cause 
the  wave  to  break  again*  Similar  phenomenon  have  been  observed  on  actual  beaches 


(9) 


Fbr  a given  wave  length,  a steep  wave  travels  fester  than  a flat  one*  A 
cwall  error  la  thus  introduced  in  using  Equation  (1)  to  compute  the  velocity, 
since  waves  become  progressively  steeper  iriien  approaching  shore-line*  For  the 
steepest  waves,  this  may  result,  in  the  ooeputed  depth  being  too  great  by  about 
10  peroent'^^*  Ihe  wave  stbepnees  was  not  measured  in  this  study*  and  its  ef- 
feot cn  the  depth  determination  oould  only  be  studied  qualitatively  from  the 
experimental  results* 


It  is  generally  known  that  the  increase  in  hei^t  of  waves  as  they  run 
into  shallow  water  is  a function  of  d/^Q.i  The  wave  hei^t  is  also  affected  by 
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tli»  'wa.TO  rofraotioD  pbenomebon  waTas  approach  the  shore  line  at  an  angle. 

Refraction  oojjmcnly  tends  to  iuorease  "che  length  of  the  wave  crest  and  thue 
reduce,  the  waTe  height*  In  this  respect^  over  the  same  beach,  waves  coming 
from  a larger  angle  of  approach  tend  to  be  flatter.  IQiis  i«»  also  true  from 
the  wave  reflection  point  of  view*  Waves  are  reflected  whenever  they  move  into 
a region  where  their  speed  of  propagation  changes.  Against  a shoaling  bottom 
some  of  the  wave  energy  is  reflected  and  thereby<  au^ents  the  incident  wave 
height*  %e  effect  Is  largest  when  waves  move  directly  toward  the  beach  in- 
stead of  approaching  it  at  am  angle*  However,  liunk^^^/  has  shown  that  the  ef- 
fect of  wave  reflection  on  a comparatively  flat  beach  was  probably  astall* 

Considering  the  arguments  given  above  (since  the  initial  wave  height 
was  the  same  for  all  the  runs)  one  would  expect  the  depth  to  be  over-estimated 
to  a larger  extent  fort 

1.  the  same  run  with  smaller  valuoa  of  d/L^^  , 

2c  the  same  initial  angle  of  approach,  a-,,  wi  Lh  larger  wave 
periods  (and  therefore,  larger  wave  lengths'and 

3.  the  seme  wave  period  with  smaller  initial  angles  of  approach, 

providing  the  errors  in  depth  determination  by  the  wave  velocity  method  cure 
caused  by  mi'v’e  steepness  alone* 

As  can  bs  seen  in  Pigs. 2 to  5 these  trends,  if  they  exisb,  are  not  re- 
cognisable  with  the  possible  exception  of  Item  (3)*  In  Run  3 (which  had  the 
eoallest  initial  angle  of  approach)  the  wave  velocity  method  tended  to  over- 
estimate the  depth  to  a greater  degree  them  in  Runs  1 and  2* 

It  is  not  surprising  that  the  above-mentioned  trends  were  completsiy  oon- 
oeeled  by  the  errors  in  measurement,  which  had  a much  leirgar  order  of  magnitude* 
Tn  spite  of  caution  in  oondueting  the  experiments,  e:„perimantal  error  still  ex- 
isted and  affected  the  results  to  a great  extent.  Among  these  experimental 
errors  weret 

1.  Difficulty  in  identifying  crest-lines.  As  the  wav©  length  shortened  when 
the  wave  approached  shore,  the  crests  became  more  sherply  defined. 
However,  deeper  water  wave  crests  were  difficult  to  identify.  This  was 
especially  true  for  waves  with  longer  periods.  Por  instance,  consider 
the  measured  beach  profiles  for  Runs  2-A  and  2-D  in  Pig.  3.  Rup  2-A 
had  a period  of  0*810  sec*  %e  orest  lines  offshore  were  so  faint  that 
no  waves  could  be  Identified  seaward  of  0*86  feet  from  the  baseline* 
Within  the  interval  of  from  0*70  to  0*85  feet  seaward  of  the  base-line 
the  positions  of  the  mavas  mmre  so  imoertain  that  large  errors  resultad 
when  determigiing  the  depth*  Oh  the  other  hand^  Ran  2-D  had  a wave  period 
of  0*221  sec*,  and  In  that  run  aaves  could  be  identified  as  far  as  1*5 
feet  from  the  base-line*  Although  lai’ge  deviations  were  obtained  idien 
more  than  1.0  feet  seaward  of  the  base-line,  the  agreement  was  fairly 
good  In  the  interval  of  from  0.70  to  0*85  feet* 

2*  In  most  of  the  films  (Plane  1 mas  one  of  the  exceptions)  the  base-lln: 
mas  not  oletu:  and  its  allocation  depended  on  the  control  points*  How- 
ever, the  po85tions  of  the  control  points  were  affected,  to  a certain 
degree,  by  the  relative  positions  of  the  waves*  Light  refi*action  due 
to  the  water  surface  undulation  may  have  shifted  the  images  of  the 
control  points  on  the  screen  from  their  true  positions.  In  other  words, 
the  same  wave  in  subsequent  projections  may  not  have  baoii  oriented  with 
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respeot  to  'Uia  saue  base  lina. 

3.  The  actual  beach  i-nf'-n.s  and  the  still  water  surface  were  measured  by 
a point  gage  read  to  O.OOi  ft*;,  i.e.,  there  was  a possible  error  of  plus 
or  minus  U*001  ft.  in  these  measuremei^ts . Close  to  the  shoreline  where 
the  water  depth  was  small,  the  possible  error  of  actual  depth  measurer 
ment  became  important  and  might  have  accounted  fqr  the  local  apparent 
laurge  errors,  percentagewise, in  depth  determination  by  the  wawo  velocity 
igethod,as  shown  in  Fig.  5.  Furthermore,  rlth  the  measured  beaoh  profile 
referred  to  the  still-water  siirfaoe,  an  error  of  pJus  or  minus  0,001  ft. 
in  the  measurement  of  the  latter  mi^t  result  in  a beaoh  profile  0«001 
ft.  too  hl^  or  too  low.  Referring  to  Fig.  4,  if  it  happened  that  the 
measured  beach  profile  was  0.001  ft.  too  high;  then  the  agreement  between 
the  actual  beaoh  profile  and  the  calculated  beaoh  profile  became  much 
closer.  If  this  was  the  case,  the  trend  that  depth  tended  tc  be  more 
over-estimated  for  small  initial  angles  of  approach  was  somewhat  upset; 
although  this  was  to  be  expected  from  theoretical  deductions. 

The  non-uniform  waves  ssetied  to  give  resulwS  comparable  with  those 
kIvsr  by  uniform  wsres.  However^  on?  m,ust  real;!.??  that  ths  spectr'om  of  the 

no;i-unifom  waves  generated  in  the  ripple  tank  was  narrower  than  that  generally 
existing  in  the  oceans.  Or,  in  other  words,  the  result  might  be  different 
for  waves  with  higher  non-uniformity. 

COBCLaSIOHS 


This  study  indi oated  that  ihs  determination  of  water  depth  in  the  labora- 
tory by  bhe  wave  velocity  method  flrom  timed  vertical  photographs  was  satisfactory. 
This  was  true  for  both  'oniform  and  non-uniform  waves.  Any  errors  resulting  from 
the  applioation  of  this,  method  were  mainly  due  to  errors  in  measurement,  not 
to  inherent  defects  of  the  theory  upon  »diioh  the  method  was  based.  Tb.?  oon- 
olusion  may  need  to  be  modified  for  extreme  cases,  such  as  beaches  with  very 
steep  slopes. 
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Saval  Research  under  contract  with  the  University  of  California.  The  in- 
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